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EVALUATION OF FACTORS WHICH MAY BE OF IMPORTANCE
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With technical assistance of N. Rambaud and V. Alford
Although many theories concerning the cause of external ear infections present
themselves, little scientific information has been published. This paucity of data
is due, primarily, to the difficulties involved in evaluating the suspected factors
in spontaneous human infections. It appeared desirable to study this problem
under controlled laboratory conditions if the disease could be produced consis-
tently in a satisfactory laboratory animal.
It is our impression that the following factors play a role in the etiology of
diseases of the external ear: (1) infection with Pseudomonas bacilli; (2) trauma;
(3) lipid removal; (4) high temperature; and (5) high humidity. This study,
therefore, is an assessment of the relative importance of these factors in the pro-
duction of external otitis.
REVIEW OF PERTINENT LITERATURE
Infection. Many exogenous organisms can be cultured from the infected external ear.
It is generally agreed, however, that in certain forms of external otitis one usually finds
Gram-negative bacilli, mainly the pseudomonas organisms. Fungi have been relegated
to a minor role (1, 2, 3).
The numerous considerations involved in the types and distribution of bacteria on
healthy and diseased skin were ably reviewed by Pillsbury and Kligman (4) and Burten-
shaw (5). Convincing evidence has been presented by the proponents of both the chemical
(6, 7, 8) and physical theories (9, 10) to explain the manner in which the skin resists in-
fection by exogenous and endogenous bacteria. Norton and Novy (11) and Rebell et al.
(12) reported that desiccation is a most important factor in self-sterilization of the skin.
E. coli was shown to flourish in high temperature and high humidity environments and to
disappear rapidly after drying or desiccation. Ricketts and his group (13) showed that
E. coli and pseudomonas persisted and even multiplied on the moist skin under an occlusive
plastic covering.
Temperature and Humidity. It is generally accepted that the largest number of cases of
external otitis occur in hot, humid environments and are observed rarely in cool, dry cli-
mates. This may be related to the water content of the skin. Mole (14) and Blank (15, 16)
have demonstrated that the stratum corneum will take up moisture from an environment
having a high relative humidity. Blank showed that cornifled epithelium absorbed increas-
ing amounts of moisture at relative humidities above 80 per cent.
It is conceivable that the increased moisture content of the keratin in and around the
apo-pilosebaceous units contributes to swelling and obstruction of the orifices, and therefore
a decreased flow of lipids to the skin surface (17, 18, 19, 20).
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It was postulated also that the lack of water rather than an absence of oils caused a
reduction in pliability of the skin with the resultant cracking of the epidermis which per-
mitted bacteria to reach the more vulnerable dermal areas (15, 21).
Removal of Lipids. The lipid film has been shown to have bactericidal and fungistatic
action (22, 23, 24, 25). Some workers are convinced that the lipid cover acts as an important
agent in preventing the extension of bacteria into the corium by way of the apo-pilose-
baceous units. Repeated washing of the skin allows implanted Gram-negative bacilli to
survive for long periods according to Rebell ci al. (14).
Other investigators have emphasized the influence of environmental temperatures and
skin moisture on the level of surface lipids (26, 27, 28). At high temperatures and on moist
skin the viscosity of the sehum may be so low and the rate of spread so great as to interfere
with the development of a protective surface cover.
Trauma. There has been no experimental evidence up to the present time to show that
trauma is directly related to the production of external otitis. On the other hand, in clinical
practice, a history of injury is elicited repeatedly. It is thought by some that trauma to
the skin of the ear may be the mechanism by which exogenous organisms are forced through
the bacteria-resistant superficial layers of the epidermis or even through the entire epi-
dermis into the corium.
No clear evidence exists to indicate the relative importance of the factors which play a
role in the production of infections of the skin of the external auditory canal. The following
observations appear pertinent.
1. Pseudomonas bacilli are present in external ear infections in so high a percentage of
cases as to eliminate coincidence. It appears to be important to determine whether the
pseudomonas organism is the specific bacteriologic factor or is a secondary contaminant in
external ear diseases.
2. It seems probable that high temperature and high humidity are vital in the produc-
tion of the fertile substrate on the skin surface in which Gram-negative bacilli may mul-
tiply.
3. Present evidence suggests that removal of the lipid coating and trauma to the skin
allow ready passage of the exogenous bacteria into the more vulnerable dermal areas.
METHODS
General. At the onset of each experiment, each cat was examined and if any
evidence of systemic or local infection was found, the animal was rejected. At
various intervals, morphologic changes were described. In the tables these
changes were recorded as various degrees of exudate (X), redness (R), and crust-
ing (C).
Animals. In these experiments, the cat was chosen as the most suitable, avail-
able experimental animal. * The weights of the cats ranged from 24 to 8 pounds.
When duplicate experiments were conducted, cats were chosen which were similar
in weight and color. All experimental animals were offered the same diet. Individ-
ual cages were maintained for each animal during the experiment.
Experimental Design. In the experiments in which the three factors, trauma,
lipid removal, and infection, were investigated, four cats (8 ears) were used so
that each of the factors alone and in combination could be evaluated. The experi-
ments were planned so that one ear served as an untreated control. Each of three
ears was exposed to single factors of trauma (T), infection (I), and lipid removal
* The cat, pig and horse have been shown to have histological characteristics similar to
the human (29, 30, 31). Because of a limitation of space, the cat was chosen for these studies.
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(L), while three others were treated with combinatioiis of lipid removal and
trauma (LT), trauma and infection (TI), and lipid removal and infection (LI).
The remaining ear was treated with a combination of lipid removal, trauma, and
infection (LTI).
In order to include an evaluation of the effects of high temperature and humid-
ity, the experiments were designed so that there were two groups of four cats.
Each group was treated in the manner described above but one group was placed
in the cool room and the other in the hot room.
Anesthesia. When anesthesia was used, the animals were weighed and injected
intraperitoneally with pentobarbital sodium, 0.2 cc. per pound of body weight.
Signs of improvement were usually noted within four to six hours and cats were
usually fully recovered by the next morning.
Cultures. Prior to any manipulation of the ear, bacteriologic and mycologic
cultures were obtained from the ear canals. On the occasions that follow-up pro-
cedures were performed under anesthesia, cultures were repeated.
Removal of Lipids. The entire auricle and ear canal were thoroughly cleansed
with three ether-saturated cotton swabs.
Trauma. rfhe skin of the ear canal was stroked until reddened, with a small,
dull, metal, ringed ear curette. Care was taken to avoid bleeding or laceration of
the skin.
Infection. One-half cc. of a 24-hour broth suspension of Pseudomonas aeru-
ginosa, originally obtained from a patient with acute diffuse external otitis, was
instilled into the ear canal, after which a cotton plug was loosely inserted into the
external orifice. The cotton was removed after two to three hours.
Biopsies. Two biopsies were taken at various intervals, usually at the end of
the first and second week, with a four mm. Walker skin trephine. Light pressure
was applied with the trephine using the index finger beneath the external ear for
support and gently rotating in either direction. An attempt was made to include
cartilage, which acted as a scaffold for the skin. In the later experiments, all ani-
mals were sacrificed and longitudinal sections from the skin of the entire carti-
laginous meatus were obtained. These biopsies were immediately fixed in Bouin's
solution, then washed in 80 per cent alcohol and processed through the technicon.
The punch specimens were then cut through the center and the two portions
embedded side by side in paraffin. Serial sections were made and six or more
slides were usually obtained from each longitudinal and punch specimen.
Experimental Rooms. Hot room. The desired temperature was easily achieved
with an automatic thermostat.* A humidifiert with an automatic humidistat
maintained humidities within the planned range.
Cool room. The low humidity cool room was a part of the much larger regular
animal quarters and was more exposed to external conditions. As a result, there
were variations in temperature from 64 to 87° F. and in relative humidity from
39 to 87 per cent in this room.
* Bristol Company Thermometer Controller with a G. E. Heating Unit.
t Walton Humidifier, Model W.F.
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TABLE 1
Group Cats Ears Temperature Humidity
A 10 15 67 to 83°F. 35 to 85%
B 6 12 82 to 92°F. 90 to 100%
EXPERIMENTAL PROCEDURES, MORPHOLOGIC AND BACTERIOLOGIC FINDINGS
General. In not a single ear in any of the experiments to be described were
Gram-negative bacilli cultured prior to manipulation. In a few instances, non-
pathogenic fungi were found.
Pseudomonas organisms were recovered from the ears of surviving, infected
animals for at least seven days following the introduction of the infecting organ-
isms. There appeared to be a tendency for this organism to disappear from the
seventh to the nineteenth day and the rate of disappearance could not be corre-
lated with any one factor or any combination of factors.
Experiment 1
This experiment was designed to evaluate the effect of increased humidity
upon the skin of the external ear. Sixteen cats (27 ears) * were divided into two
groups and exposed to various environmental temperatures and humidities.
The control animals in group A were kept at ordinary animal quarter temper-
ature and humidity and observed for periods of forty-two to seventy-seven days.
Group B was placed in the hot room for intervals of four to eight days, where
the temperature was maintained at 82 to 92°F. and the relative humidity from
90 to 100 per cent.
With only a single exception, no gross evidence of external otitis developed
in these twenty-seven ears. In one ear, a small, circumscribed, reddish area devel-
oped without surrounding inflammatory changes.
Experiment 2
It was the purpose of this experiment to test the effect of the various factors
singly and in combinations as shown in Charts 1 and 2. Two groups of four cats
were used (A and B). All ears in both groups were treated in like manner. After
treatment, the four animals in group A were placed in the hot room and the four
animals in group B were placed in the cool room. Biopsies were taken of group A
on the eleventh day and of group B on the seventh day.
GROUP A. Hot room. Temperature = 83—88°F.
Relative Humidity = 95—100 %
4th Day: All the uninfected ears remained free of pseudomonas organisms. In
all ears in which pseudomonas had been instilled, this organism was recovered.
* Included in this group are the control ears in various studies performed at ordinary
animal quarter temneratures.
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EXPERIMENT TWO —HOT ROOM (GroupA)
Temp. 83—88° —ReI.Humidity95-IOO%
Cartilage Epidermis Crusting(Micro) • Lymphocyte
CCrusting(Macro) R' Redness X Exudate 0 Polymorphonucleor neutrophile
CHART 1
In those ears in which only the lipid covering had been removed or where lipid
removal had been combined with trauma, very little reaction was found. A
slight amount of crusting and exudate were present in the ear with infection
alone. Some crusting was present with T alone and where T and I had been com-
bined. However, where LI or LTI had been used, there were marked crusting,
redness and exudate.
7th Day: All the infected ears continued to show positive Pseudomonas cul-
tures; M. albus alone was cultured from the non-infected ears. All the ears were
improving clinically.
11th Day: The Pseudomonas had disappeared from all the ears except that one
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EXPERIMENT TWO—COOL ROOM (GroupB)
Temp. 73—87° — Re! Humidity 68—80%
CHART 2
exposed to TI. Moderate crusting was present in the T ear. TI continued to show
crusting, exudate and redness.
GROUP B. Cool room. Temperature = 73—87°F.
Relative Humidity = 68—80%
4th Day: All ears receiving a single factor, except I, showed minimal findings.
The latter showed severe crusting and some exudate. All ears receiving two fac-
tors (except LT) revealed marked exudate, redness and crusting. There was
contamination with Pseudomonas of TL.
7th Day: Only those animals which had been experimentally infected now
showed Pseudomonas organisms with the exception of L. Rapid clinical improve-
ment had occurred in all ears exposed to one factor and in the LT ear. The LI
ear was improved but still showed crusting and exudate. There were severe granu-
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Jar changes, crusting and redness in the TI and LTI ears. A subepidermal abcess
developed in the ear exposed to TI.
Experiment 3
This experiment was planned as a check on experiment 2, again using two
groups of animals and keeping group A in the hot room and group B in the cool
room (Charts 3 and 4). In order to obtain better control of the cool room temper-
ature during the hot summer weather, a small air conditioning unit was in-
stalled. The ears were examined and cultures were obtained on the fourth and
EXPERIMENT THREE—HOT ROOM (GroupA)
Temp. 83—85° — Rel. Humidity 95—100%
OIHJART 3
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EXPERIMENT THREE— COOL ROOM (GroupB)
Temp. 64—82°—Rel. Humidity 75—87%
CHART 4
seventh days, and biopsied on the seventh day. (One animal expired on the
second day).
Gnou A. Hot room. Temperature = 83—85°F.
Relative Humidity = 95—100 %
4th Day: With the exception of the traumatized ear (T), Gram-negative bacilli
were cultured from all ears including the control. TI showed an overgrowth with
Proteus and the same organism was cultured from the contra-lateral ear from
which only lipid was removed.
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Those ears exposed to any single factor or LT showed minimal clinical find-
ings. The LTI, TI and LI ears showed marked redness, exudate and granu-
lations.
7th Day: Gram-negative bacilli were cultured from all ears except T and the
control ear. Minimal clinical findings were present except in TI and LTI. The
crusting and granulation remained very severe in TI but were decreasing in LTI.
GROUP B. Cool room. Temperature = 64—82°F.
Relative Humidity = 75—87 %
4th Day: All ears exposed to a single factor were clean. LT showed minimal
findings. TI and LTI showed exudate, redness and crusting. Positive cultures for
Pseudomonas organisms were obtained only from those ears which were infected.
EXPERIMENT FOUR — HOT ROOM (Group A)
Temp. 8O°-9O°—RelHumidity 84-100%
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7th Day: All ears showed minimal findings with the exception of LTI which
revealed severe crusting, exudate and granulation. Pseudomonas was cultured
from oniy LT and LTI.
Experiment 4
In this experiment the animal was sacrificed and large rectangular biopsies of
the ear canal were obtained in order to exclude a possible source of error from the
use of small punch biopsies. In addition, all biopsies were taken on an earlier day
in order to eliminate the possibility that the time of biopsy may have influenced
the degree of inflammatory changes.
EXPERIMENT FOUR — COOL ROOM (Group B)
Temp. 72°- 76° — Rel. Humidity 39-55%
CHART 6
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Those combinations of factors previously known to produce pathologic
changes, viz., TI, LI and LTI, and a control ear, were set up in duplicate in the
hot and cool rooms (Charts 5 and 6). Two groups of cats (four each) were exposed
to factors of lipid removal, infection and trauma. One animal was lost on the first
day. The other animals were sacrificed on the third day and longitudinal biopsies
of the cartilaginous meatus were taken.
GROUP A. hot room. Temperature = 80-90°F.
Relative Humidity = 84—100%
2nd Day: Only mild to moderate crusting was present.
3rd Day: Both control ears remained relatively clean while the remaining ears
showed mild to moderate redness and crusting. The Pseudomonas organisms
were recovered only from the infected ears.
GROUP B. Cool room. Temperature = 72_7G°I.
Relative Humidity = 39—55 %
2nd Day: Mild crusting and redness were seen in all the treated ears.
3rd Day: Similar but slightly more severe morphologic changes than those that
occurred in group A were present. Positive Pseudomonas cultures were obtained
from the infected ears only.
PATHOLOGIC FINI)INGS
Experiment 1
Gitou A. The epidermis iii most of the sections did not show significant
changes. There was some variation in thickness and in the amount of flaky mate-
rial on the surface. Some dipping down of the keratinized material into the follic-
ular orifices was observed (Figure 1).
The corium occasionally showed a focal scattering of a few lymphocytes. Using
bOX magnification, there was a range of I to 9 apocrine glands per section
depending on the site of biopsy but no noticeable degree of dilatation. No con-
sistent periacinar infiltrate was observed. The number of sebaceous glands
ranged from one to ten per section (Figure 2).
GROUP B. Essentially no pathologic changes were seen in the animals. There
was nothing unusual in the epidermis except occasional perinuclear halos arid
ballooning. A few follicular orifices appeared to contain keratin plugs. An occa-
sional focal area or a more diffuse scattering of inflammatory cells, mainly lym-
phocytes, was occasionally present in the upper corium (Figure 3). In a few sec-
tions there were a variable number of neutrophiles admixed in the infiltrate.
A small number of apocrine aird sebaceous glands were always present. In a
few specimens, dilatation of the apocrine glands to varying degrees was observed
(Figure 4). In one animal, there was striking dilatation of the lumina. Sometimes
a slight periacinar infiltrate was found (Figure 5). The size and distribution of
the sebaceous glands varied according to the site of biopsy, appearing some-
what enlarged in some of the sections.
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Fin. 1. Biopsy of skin showing keratinized material in terminal part of apocrine duet,
slight irregularity in the thickness of the epidermis and mild infiltrate in upper corium and
large clusters of sebaeeous glands.
FIG. 2. Section taken near medial end of the cartilaginous meatus showing crowding of
sebaceous glands and numerous apocrine glands.
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Fm. 3. Section of skin showing infiltrate mainly concentrated in the upper corium, ir-
regular thickening of epidermis with some intracellular edema. Apocrine acini have a
cystic apPearance.
Fro. 4. Biopsy of skin of the meatus showing some keratinized material on the surface
and dipping into the pilosebaceous orifices. The apocrine acini appear dilated and are
lined by flattened cells.
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FIG. 5. Section of dermis showing periacinar infiltrate with small number of polymor-
phonuelear leukoeytes.
Experiments 2, 3, and 4
Lipid Removal. In the ears in which lipid was removed from the external canal,
the inflammatory changes were not very striking. They ranged from a minimal
infiltrate of lymphocytes to a mild diffuse infiltrate into the upper corium. An
occasional polymorphonuclear leukocyte could be seen among the lymphocytes.
A slight focal thickening of the epidermis was present in many of the sections
but usually no acanthosis. The number of glandular units, particularly the seba-
ceous glands, varied greatly in size and number.
Infection. The findings in these ears were less pronounced than in those where
only lipid was removed. Slight focal thickening of the epidermis was present.
Occasionally there were a few lymphocytes in the upper corium and in one speci-
men an occasional neutrophile.
Trauma. The ears which were subjected to trauma alone showed the least num-
ber of changes. Several were considered entirely negative while two showed a
variable number of lymphocytes in the upper corium. In one section which
showed the largest number of lymphocytes there was also great variation in size
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FIG. 6. Biopsy of skin showing diffose and fairly dense infiltration in the opper eorium
with lymphocytes and some polymorphonuelear leukoeytes.
of sebaceous glands and some thickening of the epidermis. Sebaceous and apo-
erine glands varied slightly in number.
Lipid Removal and Trauma. When lipid removal and trauma were combined,
minimal changes were present very much like those found when only a single fac-
tor was used.
Lipid Removal and Infection. More pronounced changes were found when lipid
removal was combined with infection. The epidermis showed changes ranging
from slight thickening to acanthosis in a majority of the specimens. Moderate to
severe infiltration with polymorphonuclear leukocytes was present in half of the
ears. The milder infiltrates, like those previously described, were confined to the
upper dermis (Figure 6). The more severely inflamed specimens showed some
exudate containing leukocytes on the epidermal surface. Diffuse infiltrate, pre-
manly neutrophiles, was found in the entire corium including the deeper areas
(Figure 7) and sometimes extended through the natural fissure of the cartilages
(Figure 8).
Sebaceous and apocrine glands iver present in all sections. In some areas of
the more severely infiltrated sections the apocrine and sehaceous glands were
involved (Figure 9).
Trauma plus Infection. Similar but even more severe changes were seen in a
majority of the ears that were subjected to trauma and infection. The infiltration
in several specimens was dense, diffuse and concentrated in deeper areas of the
corium, while it tended to he more pronounced in the upper dermis of two speci-
mens. In some specimens one could see a fair number of inflammatory cells on the
I
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FIG. 7. Section through entire thickness of skin showing acanthosis of the epidermis
and a diffuse mixed infiltrate with a high proportion of polymorphonuclear leukocytes
throughout the eorium.
external side of the supporting cartilage but no actual involvement of the sub-
stance of the cartilage (Figure 10).
In five specimens diffuse acanthosis was seen apparently in association with
the most severe inflammatory changes. In one of them exudate containing poly-
morphonuclear leukocytes was seen on the surface (Figure 11). The glandular
elements were encroached upon and obscured by the diffuse infiltrate in the
severe cases (Figure 12) but could still be identified in the less involved areas.
Lipid Removal, Trauma and Infection. In the ears which were subjected to a
combination of lipid removal, trauma and infection, five showed severe changes,
including inflammatory cells on both sides of the cartilage. In two specimens the
cartilage appeared to be involved (Figure 13). The dermis was partially replaced
in one specimen and completely replaced in another by non-specific granulation
tissue infiltrated with inflammatory cells. No glandular elements were visible in
this area.
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Fm. 8. Section from the external ear canal showing infiltrate extending through a natural
fissure between the cartilages.
In one specimen the epidermis was raised by an underlying abscess which was
"pointing" and breaking through the epidermis (Figure 14). The epidermis at
the summit of the raised area was acaathotic while the peripheral areas of the
sections were merely thickened. There was a slight spread of inflammatory cells
through a natural fissure in the underlying cartilages. Glandular elements were
absent in the affected area but present in the peripheral dermis.
Temperature and Humidity. It did not appear that elevated temperature and
humidity were factors in the production of pathologic changes. In fact, the more
acute and severe inflammatory changes were observed a little more frequently
in animals kept in the cool rooms.
Controls. The control specimens showed slight focal thickening of the epider-
mis, some lymphocytes in the upper corium and a rare neutrophile. There was a
variation in the number and size of the sebaceous glands and in the number of
apocrine glands according to the site of biopsy.
'V
FIG. 9. Section through lower dermis showing diffuse infiltrate of polymorphonuclear
leukocytes, involving lumen of apocrine acinus.
FIG. 10. Biopsy of skin showing inflammatory infiltrate, consisting primarily of poly-
morphonuclcar leukocytes, concentrated in deeper part of corium and external to the
cartilage. Glandular elements appear obliterated or partly obscured by the infiltrate. Epi-
dermis appears acanthotic.
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Fin. 11. 1)iffuse acute inflammatory changes involving epidermis and upper corium.
The surface is covered by an exudate containing polyrnorplionuclear leukocytes.
Fin. 12. Section through dermis showing dense and diffuse infiltrate of polymorpho-
nuclear leukucytcs partially obscuring apocrine acinus.
310 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIG. 13. Section of deep corium showing polymorphonuclear leukocytes involving both
surfaces and substance of the cartilage.
FIG. 14. Section of skin showing abscess "pointing" through the epidermis and extending
into a natural fissure between the cartilages.
4
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DISCUSSION
These experiments reveal that it is possible to produce, fairly consistently in
the cat, an infection of the external ear with morphologic findings and pathologic
changes similar to those found in humans. As in humans, variation in suscepti-
bility to infection was noted in the laboratory animal. In view of the focal nature
of the inflammatory process, it is believed that a greater number of specimens
with pathologic changes would have been found iii the earlier experiment if the
entire ear canal had been studied, rather than depending on punch biopsies.
It was demonstrated that no single factor which was evaluated in this study
will produce morphologic or pathologic changes in the skin lining of the external
ear of the cat. It was shown fairly clearly, however, that infection with pseudo-
monas organisms was a necessary factor in the production of external ear disease,
when combined with trauma and/or lipid removal.
High temperature and elevated humidity alone or in combination could not
be shown to produce or increase the degree of inflammatory changes produced by
the other factors. Our inability to demonstrate that high temperature and high
humidity environments play an important role in the production of external
otitis in cats is contrary to firmly established empirical observations in the hu-
man. One must conclude, for the present, that the skin lining the ear canal of the
cat reacts differently to elevated temperatures and humidity than does the skin
of the human ear catial.
It is recognized that the technic used for removing lipids from the skin surface
constitutes a form of trauma. In the controls as well as where the single factor
of lipid removal was applied, however, little or no clinical or pathologic changes
were found. For the time being, a conclusion that removal of the surface lipid
cover is an important factor in the production of diseases of the external ear will
be made. Further studies directed toward this problem, however, are in progress.
The bacteriologic studies of the skin of the ear, although not specifically de-
signed to evaluate this point, did not confirm the observations that Gram-
negative bacilli disappear rapidly from the surface of healthy, untreated skin.
Once contamination has occurred, it may be that the peculiar anatomic condi-
tions present in the external ear predispose toward optimum growth conditions
for Gram-negative bacilli. This would agree with the great difficulty in elimina-
ting this organism from the human ear canal after acute external otitis, although
the ear canal, clinically, appears free of disease.
On gross clinical examination of the skin of the external ear, pathologic changes
may not be necessarily observed; yet, on microscopic examination, mild change
may often be found. Therefore a diagnosis of inflammation of the skin of the
meatus was made primarily on a histologic basis.
Consideration had first to be given to the histologic criteria upon which a diag-
nosis of external otitis was to be made. The changes in the epidermis, character-
istic of this condition, were considered to be hyperkeratosis with some parakera-
tosis, acanthosis, inter- and intracellular edema and keratinized material in the
apo-pilosebaceous orifices. These changes were likely to be present when there
were pronounced inflammatory changes in the dermis, at which time the inflam-
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matory cells frequently extended into the epidermis and were occasionally found
in the exudate on the surface of the epidermis.
This is in agreement with a prior observation that in uncomplicated external
otitis, cytologic examination of secretion revealed a striking absence of neutro-
philes. They were present, however, in the secretion obtained from complicated
cases. Therefore a division of cases into complicated and uncomplicated cate-
gories was suggested (32, 33).
Flaking of the stratum corneum was found frequently but true hyperkeratosis
did not appear very often in our experimental animals. However, a combination
of flaking of the stratum corneum with adherent amorphous debris, some para-
keratosis and acanthosis was found as part of the more severe inflammatory
changes.
Plugging of the apo-pilosebaceous units with keratinized material was con-
sidered, in the past, as a factor in the production of external otitis (17, 34). This
filling of the orifices with keratin was observed in many of the sections, but it
was not possible to be certain that this debris was completely obstructive since
secondary changes compatible with obstruction were not demonstrated consist-
ently.
Other changes in the epidermis consisted of slight variations in thickness to
pronounced acanthosis. Intercellular edema in the deeper parts of the prickle
layer and basal layer was associated with a dense infiltrate in the subepidermal
areas. Slight intracellular edema could be demonstrated occasionally in the mild
cases and consistently as part of the more severe inflammatory changes.
Acanthosis was regularly associated with the diffuse and dense dermal inflam-
matory infiltrates which contained a high proportion of leukocytes. Occasionally
slight focal thickening could be observed hut true acanthosis was usually not
present in the milder cases.
Changes in the dermis, as described in human biopsies (35), consisted of edema,
cellular infiltrate, some dilation of apocrine acini, and degeneration and necrosis
of apocrine glands.
The variability of the diameters of the lumina of the apocrine glands in normal
skin biopsies had been pointed out (29, 36). The finding of cystic dilatation of
some acini has been considered a normal picture by some observers (37). Only in
a single ear in this entire series was widespread cystic dilatation of the apocrine
acini found, so this was therefore considered an atypical response.
The mildest form of inflammatory reaction, viz., a focal to a more diffuse scat-
tering of lymphocytes, occurred in the loose connective tissue present in the sub-
epidermal area. It may be that the loosening of the texture of the dermis in this
region facilitates the infiltration with inflammatory cells.
When the proportion of polymorphonuclear neutrophiles increased, infiltration
was more frequently found to involve the deeper areas of the dermis and occa-
sionally was observed on the deep side of the cartilage.
The question of whether the involvement of the glandular structures by the
inflammatory process was selective or coincidental could not be clarified in this
study. Occasionally a periglandular infiltrate was found around both the sebace-
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ous and apocrine glands. The infiltrate around the sehaceous glands was most
commonly a part of the diffuse infiltrate of the upper dermis. In the mild cases,
the distribution around the apocrine glands was definitely focal and periacinar.
In the severe varieties, the infiltrate involved the secretory epithelium and
was found within the lumina. Obliteration and destruction of the skin append-
ages followed by replacement by granulation tissue was observed infrequently.
In most instances the inflammatory process stopped short of the perichondrial
tissues. Perichondritis and true erosion of the cartilage were seen in two ears. In
a number of cases the inflammatory changes were found extending through the
natural fissures in the cartilage and were present focally on the deep side of the
cartilage.
SUMMARY AND CONCLUSIONS
1. An external ear infection showing morphologic and bacteriologic findings
and pathologic changes similar to those observed in humans was produced regu-
larly in cats.
2. Therefore, a series of experiments were designed using cats to evaluate the
importance of the following factors in the production of external otitis: A. Infec-
tion with Pseudomonas aeruginosa, B. High Temperature, C. High Humidity,
D. Removal of Lipids and E. Trauma.
3. No single factor produced consistent morphologic and pathologic inflam-
matory changes of the skin lining of the external ear.
4. It was repeatedly demonstrated that infection with pseudomonas organisms
is a most important factor in the production of external ear disease when com-
bined with trauma and/or lipid removal.
5. High temperature and elevated humidity alone or in combination did not
increase the degree of inflammatory changes produced by the other factors.
6. Serial bacteriologic studies failed to reveal a rapid disappearance of pseudo-
monas organisms following instillation into the untreated external ear. Positive
cultures persisted for long periods arid the rate of disappearance could not be
correlated with any of the factors tested.
7. Further studies concerning these factors are now in progress.
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DR. RUDOLF L. BAER, (New York, N. Y.): I want to congratulate the authors
on their very beautiful study. It is gratifying to know that scientific studies are
now being done of this very common dermatosis. It is amazing that temperature
and humidity which, as Dr. Senturia pointed out are of so much practical impor-
tance in otitis externa, did not seem to play a role in his cat experiments. One
must remember, however, that there are not only anatomical differences between
the ear canal of the cat and the human being, but also that many of the human
beings who develop otitis externa present an entirely different terrain to the
microorganisms from that with which Dr. Senturia was concerned. In the human
being very often there is an underlying seborrheic dermatitis or psoriasis or ex-
tension of contact dermatitis or atopic dermatitis. In other words, the terrain in
which these eruptions occur in man is tiuite different from that artificially induced
by Dr. Senturia.
DR. FREDERICK KALz, (Montreal, Canada): I enjoyed this paper and I think
we dermatologist should try to learn from it. We find, however, in our cases fre-
quently the history of chronic relapsing otitis media, or evidence of underlying
eczematous or other skin conditions. Trauma seemed often to be of importance,
as was scratching, or frequent removal of ear wax by the otologist.
DR. THEODORE CORNBLEET, (Chicago, Ill.): The external ear canal has two
types of glands, the apocrine and sebaceous. The first seldom give rise to gross
and obvious trouble. On the other hand, it appears in our material, changes in the
canal are very often accompanied by forms of seborrhea and seborrheic dermatitis
elsewhere. Is external otitis in these cases then a form of seborrheic dermatitis
too? On the other hand, we culture pseudomonas commonly from such ears, and
this organism can be recovered often from areas of dermatitis that contain apo-
erine glands. I am not sure the pseudomonas is pathogenic or merely a secondary
invader wherever skill with apocrine glands becomes inflamed.
DR. STEPHEN ROTHMAN, (Chicago, Ill.): This is a beautiful study. Like Dr.
Baer, I would like, however, to question whether it is applicable to clinical situa-
tions. In humans we have a primary disease in the external ear canal with break-
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age of the epithelium before bacteria colonize. Dr. Baer mentioned contact
dermatitis and psoriasis. I would like to add atopic dermatitis which very often
is localized in the external ear canal. Interestingly, seborrheic dermatitis and
atopic dermatitis tend to be aggravated by hot, humid weather not only in the
ear canal but over the whole skin surface.
Dn. STURE A. M. JoHNsoN, (Madison, Wise.): The term "otomycosis" is fre-
quently used incorrectly by physicians as a diagnosis for eruptions of the ear.
Dr. Way et at. (A M A Arch. Dermat. 72: 353—361, 1955) have presented ample
evidence that actual otomycosis is seemingly rare. Have the authors had a similar
experience?
Dii. BEN H. SENTURIA, (in closing): I want to thank the discussors. Several
mentioned the type of patient or the type of ear that develops external ear
disease. We could go on for quite a time discussing this problem since there is a
great cleavage between the otologist and the dermatologist regarding this point.
I feel very strongly that the otologist is seeing a disease which is a distinct derma-
tologic entity. Most dermatologists, on the other hand, consider diffuse external
otitis as an inflammation superimposed on seborrheic dermatitis or neuroderma-
titis. What we are takling about is acute diffuse external otitis from which the
pseudomonas organism is cultured in 90 to 100 per cent of the cases. This disease
is superimposed on grossly normal skin of the ear canal. I want to emphasize that
the bacterial flora of the normal ear canal consists of Micrococeus albus and/or
diphtheroids and little more and does not contain pseudomonas. In less than
one-half of one per cent of normal ears, even in tropical and subtropical climates,
was the pseudomonas cultured.
It is certainly true that if one deals with a chronic neurodermatitis or sebor-
rheic dermatitis, one may have superimposed infection as soon as the weather
becomes hot and humid. Doctors Baer, Cornbleet and Kalz spoke of underlying
disease, and again I agree that people who have chronic dermatitis are most
susceptible to superimposed disease. Dr. Kalz asked about removal of ear wax.
I would agree that repeated washing and cleaning of the ear canal is not desirable
We have been urging the otologists not to overdo this. On the other hand, piling
up of old debris and wax in the ear canal maccrates and irritates the skin and
makes it more susceptible to disease. Right now in the hot, humid St. Louis
weather we are seeing a large number of patients with infected ear canals as a
result of impacted wax and secondary infection.
Dr. Cornbleet spoke of the role of the apocrine glands in the pathogenesis of
external otitis. I would disagree with the statement that apocrine glands do not
play a part in this disease. Our biopsies of acute infections in humans show ex-
tensive involvement of the apocrine glands. These are not cases of seborrheic
dermatitis. I do not mean that infection of the ear canal may not be superim-
posed on chronic seborrheic dermatitis of the scalp, post-auricular region and
auricle. But I think the dermatologist must revise his thinking, as has the otol-
ogist, as to the pathogenesis of diseases involving the skin of the ear canals.
Dr. Rothman asked about the temperature of our so-called cool room. The
cool room was located in the large animal laboratory and was not air conditioned.
PRODUCTION OF EXTERNAL EAR INFECTIONS 317
Now, thanks to assistance from the Air Force, I believe we will soon have low
humidity, low temperature rooms in which we can repeat some of these experi-
ments.
As for Dr. Johnson's question, otomycosis does occur rarely. The otologists
have exaggerated its importance in the past. I do not believe that error is being
made at the present time.
Once again, I should like to express my appreciation for the opportunity to
present this study and for the kind remarks of the discussors.
